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ABSTRACT 
We provide a detailed procedure to determine the Ca2+-dependent ATPase activity in COS or 
HEK293 cells overexpressing a Ca2+ pump. The ATPase activity is determined by the 
Baginsky method measuring the steady-state production of inorganic phosphate (Pi) 
(Baginski et al. 1967; Sorensen et al. 1997). This widely-applied method has been adapted in 
our lab into a sensitive, fast and semi-high throughput method in a 96W plate format.  
 
MATERIALS 
Reagents 
- Acetic acid 
- Adenosine triphosphate (Na-ATP) 
- Ascorbic acid 
- Ammonium heptamolybdate 
- Bicinchoninic acid (BCA) 
- Bovine Serum Albumin (BSA)  
- Bromophenol blue 
- CaCl2 0.1 M (analytical, commercially available) 
- Ca Mix <R> 
- Dithiothreitol (DTT) 
- EDTA (ethylene diamine tetraacetic acid) 
- EGTA (ethylene glycol tetraacetic acid) 
- EGTA Mix <R> 
- Hepes buffer 
- Ionophore A23187 
- liquid nitrogen 
- LYS buffer <R> 
- KCl 
- Master Mix <R> 
- MgCl2.6H2O 
- NaN3 
- PBS (Phosphate buffered saline, without Ca2+ and Mg2+) 
- pCa dilution series <R> (Table 1) 
- pCa-Reaction Mix 
- Phenylmethanesulfonyl Fluoride (PMSF) 
- Phosphoric acid 
- Phosphorylation Mix <R> 
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- Protease inhibitor cocktail 
- Reagent 1 <R> 
- Reagent 2 <R> 
- Sample buffer <R> 
- Scintillation liquid 
- Sodium-(m)-arsenite 
- Sodium citrate 
- Sodium Dodecyl Sulfate (SDS) 
- Solution 1M <R> 
- STOP solution <R> 
- Sucrose 
- TES buffer 
- Trichloro acetic acid 
- Tris-HCl 
 
Equipment 
- Disposable tissue culture plates:  15 cm, sterile, DNAse RNAse free, pyrogen free  
- Disposable plastic cell scraper: 1.8 cm blade, 25 cm handle 
- Falcon tubes: 15 mL and 50 mL, polypropylene, sterile, graduated, conical bottom 
- Heating plate (37°C), preferable one that can hold multiple 96W plates  
- Multichannel octa-pipets (1-10 µL; 5-50 µL; 50-300 µL) 
- Protein electrophoresis module, 4-12% Bis/Tris gels and SDS-PAGE Running Buffer 
- Protein transfer module and Transfer Buffer 
- PVDF membrane (0.22 µm, ImmobilonTM) 
- Sarstedt tubes, 11.5 mL, polypropylene, round base 
- Scintillation counter and Scintillation vials, screw cap 
- Spectrophotometer, 562 nm (BCA protein concentration assay) 
- Teflon/Glass Potter homogenizer (5 cm³) 
- Ultracentrifuge + suitable ultracentrifuge tubes 
- 96 well (96W) plates (polystyrene, flat bottom, non-pyrogenic, sterile)  
- 96W plate reader (850 nm) 
  
METHOD 
Cell culture and transfection 
For each condition to be tested, 3 to 5 15 cm  plastic Petri dishes, each seeded with 4.1 
106 COS cells, are transfected with 20 to 25 µg of DNA. Use an empty vector as a control. 
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Cells are harvested between 48 and 72 h after transfection by means of a cell scraper and 
transferred to a 50 mL Falcon tube. 
 
Microsome preparation  
Microsomes are prepared by differential centrifugation (Maruyama and MacLennan 1988). 
Briefly, the harvested cells are washed with 2 mL ice cold PBS and spinned down for 3 min 
at 2000 g at 4°C. Let cells swell in 2 mL ice cold hypotonic LYS buffer for 10 min on ice and 
further homogenize by applying 40 strokes in a Potter homogenizer. 20 additional strokes are 
applied after adding 2 mL of Solution 1M. The lysate is transferred to a Sarstedt tube and is 
centrifuged for 20 min at 10000 g at 4°C. The supernatant is then transferred to an 
ultracentrifuge tube and centrifuged for 35 min at 250000 g at 4°C. The microsomal pellet is 
resuspended in 0.25 M ice cold sucrose. Aliquots are flash-frozen in liquid nitrogen and 
stored at -80°C. 
Keep cells or microsomes on ice at all times. A protein concentration between 2 and 5 mg/mL is 
anticipated (BCA method). Prevent multiple freezing and thawing by distributing microsomes in several 
aliquots for freezing. See troubleshooting.  
 
Ca2+-dependent ATPase-measurement in 96W plate format 
First, several CaCl2 dilutions will be prepared, which will be mixed with a Master Mix 
containing a fixed EGTA concentration. This will render a series of Reaction Mixes containing 
a final free Ca2+ concentration (pCa) covering the physiologically relevant free Ca2+ 
concentration range in which the Ca2+ pumps are operating (i.e. 10 nM - 10 µM [Ca2+]free). For 
each Ca2+ concentration, the ATPase activity in the microsomes is measured in duplicate or 
triplicate. 
 
1. Prepare 1.5 mL Master Mix per 96W reaction plate and a series of different CaCl2 
dilutions (pCa Mixes) according to Table 1.   
 
2. Prepare a different “pCa-Reaction Mix” for each pCa point you want to assess: combine 
125 µL Master Mix (4x) with 166 µL pCa Mix (CaCl2 dilutions selected from Table 1), 84 
µL milliQ (mQ) quality deionised water (Millipore) and 85 µL Na-ATP (30 mM, pH 7.0). 
These amounts are sufficient for one 96W plate.  
To get the most accurate measurements of the apparent Ca
2+
 affinity, 12 pCa dilutions are selected, of 
which 3 should fall in the range of the Vmax (pCa < 6.0). The number can be reduced to 10 or duplicate 
measurements can be performed. Make your selection based on the anticipated Ca
2+
 affinity of the 
pump.  
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3. Prepare the “reaction plate”: Distribute 46 µL of a pCa-Reaction Mix per well of a 96W 
plate column. Repeat this for each desired pCa (Figure 1A).  
During the filling procedure, keep the 96W plates on ice to minimize evaporation. Note that the final 
volume in the reaction wells will be 51 µL instead of 50 µL. The extra 1 µL compensates for the volume 
loss due to evaporation at 37°C. The average volume during the assay will be close to 50 µL. 
 
4. A Standard Series of known Pi concentrations will be treated in parallel during the 
ATPase assay. Mix 12.5 µL Master Mix, 8.5 µL Na-ATP and different volumes of 1 mM 
Na2HPO4 and mQ water to a 51 µL final volume, yielding 0, 30, 60, 120, 240 and 480 µM 
final [Pi]. Duplicates of each Standard are measured (Figure 1A). 
 
5. Prepare a “microsome plate” right before starting the ATPase assay. Thaw the 
microsomes quickly at 37°C and transfer on ice. Take an appropriate volume of 
microsomal suspension required for the entire experiment and add 1 µL of ionophore 
A23187 (2 mM in ethanol) directly to the microsomes such that the lipophilic ionophore 
can quickly allocate to the membranes. Then, dilute the microsomes to a concentration of 
1 µg/µL in 0.25 M sucrose. Distribute the A23187-primed microsomes into 2 or 3 
consecutive wells of a column on a new 96W plate (“microsome plate”) that is stored on 
ice for the duration of the assay (Figure 1B). 
For 3 replicates of 12 different pCa conditions prepare microsomes for 40 reactions (200 µL).  
 
6. Preheat every reaction plate exactly 5 min at 37°C, Keep the microsome plate on ice. 
The first time check the temperature inside the wells. We keep the heating plate on 40°C to get 37°C 
inside the wells at equilibrium. 
 
7. Start every 20 s a series of reactions by transferring 5 µL of microsomes from a column 
of the microsome plate to one column of the pCa-Reaction Mix plate using a multichannel 
pipet. Do not add microsomes to the Standard Series [Pi]. 
We recommend starting the reactions in the order from a high to a low Ca
2+
 concentration. 
 
8. Incubate each reaction at 37 °C for 10 - 45 min.  
Importantly, the incubation time should fall into the linear phase of the time-dependent ATPase activity. 
This should be verified by measuring the ATPase activity at pCa 5.75 at several time points between 0 
and 60 min. Adjust the reaction time if necessary.  
 
9. The reaction is quenched by timed addition (20 s interval) of 100 µL ice-cold Reagent 1 to 
one entire column with a multichannel pipet. Gradually slide the stopped wells from the 
heating plate to prevent reheating. Once the entire plate is stopped, put it on ice for at 
least 5 min.  
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Reagent 1 should be prepared fresh (10 mL per 96W plate), should be yellow and is kept on ice during 
the entire assay. The pH shift and low temperature will stop the ATPase reaction. The ammonium 
heptamolybdate in Reagent 1 will form a complex with the produced Pi in the reaction, rendering a light 
blue solution. 
 
10. 150 µL of Reagent 2 (stored at room temperature) is added to all wells and the plates are 
incubated for 5 min at 37 °C.  
A redox reaction will occur with the Pi-molybdate complex, which will intensify the blue color. The 
arsenite-citrate reagent will also bind the excess molybdate, preventing it from reacting with any 
additional phosphate formed from spontaneous ATP hydrolysis.  
 
11. Let the plates cool for 15 min at room temperature and read the absorbance at 850 nm 
(A850) in a 96W plate reader. 
 
12. The A850 is converted into [Pi] (nmol Pi) using a standard curve based on the 
measurements of the A850 of the Standard Series (Figure 2A). 
 
13. The ATPase activity (rate of the ATP hydrolysis in nmol Pi/mg/s) at each free Ca
2+ 
concentration is then calculated. Subtract the Ca2+-independent ATPase activity (pCa ∞) 
of the Ca2+-dependent measurements and plot the rate of ATP hydrolysis (nmol Pi/mg/s) 
as a function of the [Ca2+]free (Table 1). The kinetic parameters (Vmax, Km, nH) are 
calculated from the Hill equation with non-linear regression analysis (Origin, MicroCal 
Software, Inc) (Figure 2C).  
  
      [  ]    
  
  
    [  ]    
  
 
 
Vmax = maximal ATPase activity (Vmax of SERCA2b ~0.25 nmol Pi/mg/s).  
Km= concentration required for half-maximal activation is a measure for the apparent Ca
2+
 affinity (Km of 
SERCA2b ~0.10 µM, Km of SERCA2a ~0.20 µM).  
nH (Hill coefficient) should fall in the range 1.4 - 1.8 for all SERCA variants. 
[Ca]free = free Ca
2+
 concentration in µM (Table 1). 
See troubleshooting. 
 
Western blotting 
Ca2+ pump mutations may alter mRNA or protein stability, which will critically determine the 
observed maximal ATPase activity. The relative SERCA expression levels of the microsome 
samples will therefore be compared via Western blotting. 
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14. Standard Western blotting conditions apply for the detection of SERCA expression levels 
in COS microsomes. Typically, 1 to 2 µg of COS microsomes are loaded onto a 4-12% 
Bis/Tris gel and transferred to a 0.22 µm PVDF membrane (ImmobilonTM) as previously 
described (Figure 2B) (Vangheluwe et al. 2005; Vandecaetsbeek et al. 2009). Several 
isoform-, splice-variant- or pan-specific antibodies can be used for the detection of 
SERCA1-3 (Dode et al. 2006). 
See troubleshooting. 
 
Phosphorylation assay 
To determine the Vmax more accurately, it is recommended to normalize the ATPase activity 
to the active fraction of pumps as determined by a phosphorylation assay in the presence of 
-32P-ATP (Dode et al. 2006). Upon Ca2+ binding, active P-type Ca2+-ATPases form a 
phospho-protein-intermediate and will incorporate -32P. For each sample, the 
phosphorylation at saturating [Ca2+]free of 100 µM is compared to background levels, i.e. in the 
presence of EGTA. Caution: adequate safety measurements and training should be 
provided. 
 
15. Prepare the Phosphorylation Mix, EGTA Mix and Ca2+ Mix for the entire experiment. 
Divide the EGTA and Ca2+ Mix in aliquots of 45 µL in eppendorf tubes and let them cool 
on ice. 
Prepare 2 vials of Ca
2+
 Mix and 2 vials of EGTA Mix per microsome sample. 
 
16. For each reaction, add 30 µg of BSA to 10 g of microsomes in a final volume of 50 µL. 
Keep protein samples on ice.  
Each sample is measured in the Ca
2+
 Mix and EGTA Mix in duplicate, so prepare 4 vials per microsome 
sample. Note that BSA is used as a non-reactive carrier protein. This will ensure a more uniform 
precipitation and better visualization of the pellet after adding the STOP solution. 
 
17. Add 50 µL of each protein sample to 45 µL of the EGTA or Ca2+ Mix.  
 
18. The phosphorylation reaction is performed on ice, started by adding 5 µL of [-32P]-ATP 
(10 mCi/mL) resulting in a 5 M final concentration, and quenched 20 s later by adding 
400 µL ice-cold STOP solution. 
Take a sample of radioactive mix and determine by means of scintillation counting the specific 
radioactivity of the radioactive mix (i.e. how many counts per min correspond with a given molar amount 
of ATP). Note that the half-life time of [-
32
P] is 14.3 days and hence this ratio gradually declines with 
time. 
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19. After 30 min incubation on ice, precipitate the protein by centrifuging the samples for 3 
min at max speed in a pre-cooled micro-centrifuge at 4°C. Remove the supernatant using 
a pipet and dispose it in a radioactive waste container. 
 
20. Wash the pellet twice with 500 µL ice-cold STOP solution and centrifuge each time for 3 
min at maximal speed in a pre-cooled micro-centrifuge at 4°C. 
 
21. Add 40 L Sample Buffer to the pellet and let it dissolve for 15 min at room temperature. 
Pipet 10 µL in a scintillation vial with 7 mL scintillation liquid and count in a liquid 
scintillation counter. Run triplicate measurements per sample and take the average. 
 
22. Subtract the average EGTA measurement from the average Ca2+ measurement and 
determine the amount of -32P incorporated per mg protein. This is a measure for the 
amount of active SERCA pumps per mg microsomal protein (active site concentration) 
(Dode et al. 2006). The molecular turnover rate for ATP hydrolysis (s-1) can then be 
calculated as the ratio between the ATP hydrolysis rate (nmol Pi/mg/s, Step 26) and the 
maximum capacity for phosphorylation with [γ-32P]ATP (nmol ATPase per mg of 
microsomal protein) (Figure 2D). 
 
TROUBLESHOOTING 
Problem: High variation of the Km value between independent measurements of a sample. 
Solution: The pH critically affects the free Ca2+ concentration. Accurately adjust the pH of the 
TES and EGTA stock solutions prior to making the Master Mix. Re-check the pH of the 
solutions regularly, since the pH may vary in time. We strongly recommend preparing 
enough stock solutions that can be used for all the experiments and freezing aliquots of the 
stock solutions (especially of EGTA and TES). Prepare one pCa series to measure all the 
samples. Vortex Ca2+ dilutions prior to use as precipitates may form. Finally, we recommend 
using a commercially available analytical CaCl2 solution (0.1 M) to prepare the serial dilution, 
since it is difficult to accurately weigh the hygroscopic CaCl2.  
Rabbit or pig skeletal muscle SR microsomes can be used to check and calibrate the system 
(preparation according to (MacLennan 1970; Stokes and Green 1990)). Regularly perform a 
Ca2+-dependent ATPase experiment with 100 ng of SR preparation per reaction. The Km 
value of the Ca2+-dependent ATPase activity in skeletal muscle SR should not vary over 
time, and can be used as an internal standard to compare different experiments. 
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Problem: The ATPase activity is too low. 
Solution: 1) Check the SERCA expression via Western blotting and improve the expression 
or try to increase the amount of microsomes per well to 7.5 - 10 µg. 2) The quality of the 
microsomes can be poor, which can be due to a) improper freezing, b) repeated freezing and 
thawing or c) storage in other buffers than 0.25 M sucrose. Try adding protease inhibitors to 
the 0.25 M sucrose. Note that other protocols recommend storing microsomes in Solution 
2M, but in our hands this reduces the ATPase activity.  
 
Problem: The background ATPase activity is too high. 
Solution: If high [Pi] is observed in zero [Ca]free, contamination with Pi might have occurred in 
one or more of the solutions. Prepare new solutions and use plastic reservoirs instead of 
glassware to store them. Phosphates from detergents used to clean glassware in 
dishwashers might contaminate the glassware. When there is no other option, wash the 
glassware very thoroughly with mQ water and dry it with air. Use fresh ATP as it might have 
spontaneously hydrolyzed. The SERCA overexpression might be too low to detect its activity. 
Finally, try to add inhibitors of other abundant ATPases, such as oligomycin (F-type 
ATPases) and bafilomycin A1 (V-type ATPases). 
 
Problem: ATPase activity is too high. 
Solution: Avoid measurements that render absorption values (A850) above 1.5, since higher 
absorption values are no longer in the linear range. Repeat the same measurement with a 
1/2 to 1/10 dilution of the microsomes. 
 
DISCUSSION 
This protocol allows fast, semi high-throughput and reliable measurements of the Ca2+-
dependent ATPase activity of intracellular Ca2+ pumps in overexpression systems like COS 
or HEK cells. A caveat is that only the ATPase activity, but not the vectorial Ca2+ transport 
over the membrane is measured. Although both are tightly coupled in a normal pump in a 
physiological context, this might be uncoupled in vitro (Miyauchi et al. 2006). Also note that 
an end-point measurement might mask variations over time in the ATPase activity that would 
be more obvious to spot in a real-time measurement for instance using an enzyme-coupled 
assay (Dode et al. 2006).  
The assay can be employed to determine the IC50 values of inhibitors, such as thapsigargin, 
cyclopiazonic acid and 2,5-di-t-butyl-1,4-benzohydroquinone (Vangheluwe et al. 2009). The 
assay can also be used to screen for new compounds or peptides that may affect pumping 
activity. Note that the procedure is not suitable to study the endogenous ATPase activity of 
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the ubiquitous SERCA2b pump after knock-down or overexpression of regulatory proteins. In 
fact, the endogenous activity in non-transfected cells remains undetectable. However, due to 
the low background, the assay is extremely useful for the characterization of the enzymatic 
properties of an overexpressed Ca2+ pump. It has been employed to study SERCA or SPCA 
isoforms, splice variants or mutants. The functional effect of disease mutants associated with 
Darier (SERCA2b) and Hailey-Hailey disease (SPCA1) can be determined (Dode et al. 2003; 
Dode et al. 2006). In addition, measuring several mutants in parallel speeds up the structure-
function analysis of the SERCA pumps by site-directed mutagenesis based on the available 
structural information of SERCA1a (Vandecaetsbeek et al. 2009). Via co-overexpression of 
SERCA regulators such as wild-type or mutant phospholamban, sarcolipin or other, the 
molecular mechanism of pump regulation can be assessed. To that end various amounts of 
cDNA encoding the regulator are generally co-transfected, while keeping the amount of 
SERCA cDNA constant (Asahi et al. 2003). Finally, the assay has been used to determine 
the Ca2+-dependent ATPase activity in proteoliposomes of reconstituted SERCA1a or in 
tissue microsomes, provided that the endogenous SERCA level is sufficiently high to mount 
above the cellular ATPase background (Gorski et al. 2012). With this protocol we were able 
to determine the Ca2+-dependent ATPase activity in rabbit fast-twitch skeletal muscle and 
mouse cardiac SR microsomes, but not in tissue homogenates (Vangheluwe et al. 2006).  
Of note, high levels of overexpression of Ca2+ pumps may alter the cellular Ca2+ homeostasis 
affecting cell survival, proliferation, differentiation and growth. This might affect the SERCA 
yield, but also the function of the pump as it appears that SERCA activity is tightly regulated 
by posttranslational modifications or regulatory proteins (Vangheluwe et al. 2005a). E.g. the 
endogenous SERCA2b is upregulated as part of the unfolded protein response, which may 
be activated in overexpressing cells (Caspersen et al. 2000). To assess the impact on overall 
cell function and SERCA regulation, it is important to consider control experiments involving 
the empty vector control or the overexpression of a functionally dead Ca2+ pump (in which 
the aspartic residue for catalytic phosphorylation is converted into an asparagine). 
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FIGURE LEGENDS 
Figure 1. Filling of the 96W plates 
A. Example of a Reaction plate. With this lay-out, two samples can be measured in triplicate at 12 different Ca
2+
 
concentrations. The lower two rows on the 96W plate are reserved for the [Pi] standard. Only one standard should 
be pipetted if multiple plates are measured in parallel. Alternatively, one can measure each point in duplicate and 
test up to 4 microsome samples in one plate. B. Example of a Microsome plate. Up to 6 columns can be filled with 
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microsome solution (M1-6, 1 µg/µl with ionophore in Sucrose 0.25 M). To avoid errors during the assay, leave one 
column blank between two series of samples. 
Figure 2. ATPase measurements and Western blotting 
A. Standard curve providing the relation between the absorbance at 850 nm (A850) and the amount of Pi in nmol. 
B. Western blot with 1 µg microsomes subjected to detection with the SERCA2b-specific antibody, comparing the 
endogenous SERCA2b expression in COS cells (empty vector transfection) with the level of SERCA2b 
overexpression upon transfection. Note that the level of the endogenous SERCA2b expression is negligible as 
compared to the level of overexpression. C. Representative example of a Ca
2+
-dependent Ca
2+
-ATPase 
measurement of SERCA2a and SERCA2b. The Km values are shown in the inset, demonstrating that SERCA2a 
has a lower apparent Ca
2+
 affinity than SERCA2b. In contrast to what has been described, the apparent Vmax is 
not significantly different between SERCA2a and SERCA2b. This is likely related to the relatively lower SERCA2a 
overexpression in COS cells as observed in (B). D. Ca
2+
-dependent molecular turnover rates for SERCA2a and 
SERCA2b confirms that SERCA2a has a two-fold higher Vmax than SERCA2b. The molecular turnover rate for 
ATP hydrolysis (s
-1
) is calculated as the ratio between the ATP hydrolysis rate displayed in (C) and the maximum 
capacity for phosphorylation with [γ-
32
P]ATP. 
TABLES 
Table 1. CaCl2 dilutions (pCa Mixes)  
pCa  [Ca
2+
]free (µM) [Ca
2+
]tot (µM) 
8.0 0.01 0.029 
7.75 0.0177 0.048 
7.5 0.0316 0.087 
7.25 0.0562 0.143 
7.0 0.1 0.230 
6.75 0.177 0.345 
6.5 0.316 0.485 
6.25 0.562 0.626 
6.0 1 0.750 
5.75 1.77 0.844 
5.5 3.16 0.910 
5.25 5.62 0.955 
5.0 10 0.987 
 
Table 1. The free Ca
2+
 concentrations ([Ca
2+
]free, two left columns in pCa or µM) are obtained by buffering the 
total Ca
2+
 concentration ([Ca
2+
]tot, right column) by 1 mM EGTA. The [Ca
2+
]tot is calculated for a given [Ca
2+
]free 
with the CaBuf program (developed by G. Droogmans and available from the Laboratory of Ion Channel 
Research, Leuven at ftp://ftp.cc.kuleuven.ac.be/pub/droogmans/cabuf.zip), taken into account the stability 
constants for the Ca
2+
, Mg
2+
 and H
+
 complexes of the different reagents as well as the concentration of EGTA, 
Mg
2+
, ATP, the pH, the ionic strength and the assay temperature 37°C. The [Ca
2+
]free series is selected to yield a 
final free concentration in the reaction mixture in the physiological free Ca
2+
 concentration range (10 nM to 10 
µM). The Ca
2+
 dilutions are prepared by adding mQ water (Millipore) to the calculated volumes of 10 mM CaCl2 
also in mQ water to yield a final volume of 10 mL. Start from a commercially available analytical 0.1 M CaCl2 
solution. Prepare 10 mL per pCa and store at 4°C (stable for at least two months), vortex prior to use. 
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RECIPES 
Ca2+ mix 
Reagent     Final concentration 
Phosphorylation Mix (4x)   2.2x 
MgCl2.6H2O     5.55 mM 
CaCl2      1.11 mM 
 
EGTA mix 
Reagent     Final concentration 
Phosphorylation Mix (4x)   2.2x 
MgCl2.6H2O     5.55 mM 
EGTA      11.11 mM 
 
LYS Buffer 
Reagent     Final concentration 
Tris-HCl (pH 7.5)     10 mM 
MgCl2.6H2O     0.5 mM 
Prior to use add a commercially available Protease inhibitor cocktail according to the manufacturer’s instructions. 
 
Master Mix (4x) 
Reagent     Final concentration 
TES-TRIS (pH 7.0)    200 mM 
KCl       400 mM 
MgCl2.6H2O     28 mM 
EGTA (pH 7.0)     4 mM 
 
The Master Mix should be freshly prepared, but the separate stock solutions can be stored at 4°C or frozen at -
20°C for longer time. The pH of the EGTA stock solution should be accurately determined at pH 7.0 using NaOH. 
We recommend freezing aliquots of EGTA for later use. See troubleshooting.  
 
Phosphorylation Mix (4x) 
Reagent     Final concentration 
KCl      640 mM 
Hepes (pH 7.0)     68 mM 
NaN3      20 mM 
DTT      4 mM 
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Reagent 1 
Reagent     Final concentration 
HCl      0.5 M  
Ascorbic acid     170 mM  
Ammonium heptamolybdate   4 mM  
 
10 mL of Reagent 1 is sufficient per 96W plate. Always prepare this solution fresh and keep it for maximum 4 h at 
4°C. Make sure that the ascorbic acid is completely dissolved before adding ammonium heptamolybdate. Stock 
solutions of 10% ammonium heptamolybdate can be aliquoted and stored at -20 °C. Replace the ammonium 
heptamolybdate solution once precipitation occurs. 
 
Reagent 2 
Reagent     Final concentration 
Acetic acid     0.35 mM  
Sodium citrate     70 mM  
Sodium-(m)-arsenite    150 mM   
 
Reagent 2 can be stored at room temperature up to 6 months. Arsenite is highly toxic. Note that all the waste 
containing arsenite should be handled according to local safety rules. 
 
Solution 1M 
Reagent     Final concentration 
Sucrose      0.5 M 
Tris-HCl (pH 7.3)     10 mM 
CaCl2       40 μM 
Add fresh prior to use: 
PMSF      0.23 mM 
DTT       1 mM 
 
STOP solution 
Reagent     Final concentration 
Trichloro acetic acid    6%  
Phosphoric acid    10 mM  
ATP      1 mM  
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Sample buffer 
Reagent     Final concentration 
Tris-HCl (pH 7.4)    150 mM  
Na-EDTA     8 mM  
SDS      3%  
Sucrose     20%  
Bromophenol blue    0.14 mg/ml  
Add fresh prior to use: 
DTT      10 mM  
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FIGURES 
Figure 1 – Protocol 1 
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Figure 2 – Protocol 1 
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Figure 2 – Protocol 2 
 
